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OQUESTION PAPER SPECIFIC INSTRUCTIONS

Please read each of the following instructions carefully before attempting questions :
There are EIGHT questions divided in Twa Sections and printed both in HINDI and in ENGLISH
Candidate has to attempt FIVE questions in all.

Question Nos. 1 and § are compulsory and out of the remaining, THREE are to be attempted choosing
at least ONE from each section.

The number of marks carried by a question/part is indicated againsi it.

Answers must be written in the medium authorized in the Admission certificate which must beﬁ stated ‘c!early
on the cover of this Question-cum-Answer (QCA) booklet in the space provided. No marks will be given for
answers written in medium other than the authorized one.

Wherever any assumptions are made for answering a question, they must be clearly indicated.
Diagrams/Figures, wherever required, shall be drawn in the space provided for answering the question
itself. *

Unless otherwise mentioned, symbols and notations carry their usual standard meaning.

Attempis of questions shall be counted in chronological order. Unless struck off, at'rempr of a question shall
be counted even if attempted partly. Any page or portion of the page left blank in the answer book must

be clearly struck off.
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SECTION—A

Ql(a) A m W Wr%@ﬁﬁ#ﬂé@ﬂﬁﬂﬁﬁ@?wﬁ—ng{Wﬁw
W& dw F R 1(a) ¥ Rem mn 8 9 fiftist 3 3w B I T g AW,
FAGT T X 20 PR UK, 1.1 r TR W TH O B G TH AT B TR T
# e fewr W @, awﬁﬁmcﬁqﬁﬂﬁmmaﬁmeﬁwaﬂﬁﬁ
ot & 98 faffst & w1 %@ S €|

A particle of mass m is resting at point B on a smooth semicircular cylinder of radiwus r,
tied to a point A vertically above the centre of the cylinder at a height of 2 r, with a string
“of length 1.1 r as shown in Fig. 1(a). If the string is cut, find the angle 6 defining the
position C of the particle where it jumps off the cylinder. 10

A

r i.1r

R l(a)fFig. 1(a)

Q. 1(b) Wﬁrgqtgﬁlﬁﬁﬁ‘ﬁl(b)ﬂﬁﬂmmglﬂﬁWBCﬁwMPaﬂﬂtﬁEﬁ
TIgd AC UX STEY GiRwe #@r gnnm ? uR AB e @waw @, @ FU 6 W WHAM
w%?ﬁzwafﬁﬁwwqﬁww%?

Stresses at a point are shown in Fig. 1(b). What is the shear stress on plane AC, if 1 on
plane BC is 40 MPa ? What is the magnitude of angle 0 if AB 1s a principal plane 7 What
is the maximum shear stress at the point ? 10

100 MPa
- = 1(b)/Fig. 1(b)
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Q. I(c) uwerat ¥ fafr=9 fdeew daf &1 avig #FiRm

Q. 1(d)

Q. 1(e)

Q. 2(a)

Describe different crystal systems in Materials. | 10

30 31 g W RfTTE 80 qid e X & wemar 81w A ofesREr 200 Tw w0

12mm15|175'33\?f3ﬂ'1' 10mmgﬁﬁ$&’\v¥ﬂﬁ giadeed 8 | H‘ﬁqa?ﬁﬁiﬁlﬁ,#ﬁﬁm
M T JUE AH PR |

A pinion having 30 teeth drives a gear having 80 teeth. The profile of the gears is involute
with 20° pressure angle, 12 mm module and 10 mm addendum. Find the length of path

of contact, arc of contact and contact ratio. 10

76 kg TUAE # WA F FUT T WA STNIE E0 @Hfcd fRU W ¥, W Qe
e H HYFT ® JWH A 172 mm ¥ G FX 3.2 mm FI a1 & | AR B A FHIE

O @ WA B, W YelF 7.5 N/mm R gEar M g | TE AAd 8¢ F IyEHH I M A
qu-ary uRafda siar 8 ot fifsy '

(i) IaH<H TNH
(i) ¥adled IR ATl FuA] M AghAl w1 FU
(iii) ¥Afeq ®UAl &7 el we |

The vibrations of a machine of mass 76 kg are damped by a viscous dashpot which

diminishes amplitude of vibrations from 17.2 mm to 3.2 mm in two complete oscillations.
The machine is mounted on four springs each of stiffness 7.5 N/mm. Assuming that the

damping force varies as the velocity, determine :
(i) the damping coetficient,
(11) the ratio of frequencies of damped and undamped vibrations, and

(111) the pertodic time of damped vibrations. 10

vaehl B & T wd7 ® arRd it wRdiw ghwet & g @ivs wgres SIS ITRE
el 1 FTWHE FI g, uig whe Rt 7 owRdw ek e gRad
Prafen #R, seon @@ gu B Rfsy Pk e amn oF soed fif @@ wda

®

OD—315 mm MR - 2.8 mm | &0 &1 & g9dd Avu 3w a8 f& faftist A

AT 99 9X %19 1.4 MPa B |
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Q. 2(b)

- Q. 2(c)

%|

‘Derive expressions for longitudinal and hoop stresses in a thin walled pressure vessel.

Using the above expressions, determine hoop and longitudinal stresses 1n a household

PG cylinder, assuming it to be a thin walled pressure vessel with following dimensions :

OD — 315 mm thickness : 2.8 mm. Take end caps to be tlat and the Iﬁrcssure in the

cylinder is 1.4 MPa at room temperature. 200

TTT 3TE & deddr § e & ‘SMee T’ &1 quis whiivd |
Describe Austempering of steel with help of TTT diagram. 10

uF #F wF T yan) sl (W) ® it ol § Fe @

I B gEA 120° qoiF @ AT, WABR A gEIAG T H qE 20 mm F T TF

Wﬁﬁ?%ﬂﬁﬁ%l%ﬂ@ﬂ%ﬂﬁm“%ﬂﬂiﬁ?ﬁmWW%1
3 gofa @ s 1200 GA, BINIR WX BWIE T B WY X H AT GEF
ST B BH Ui B I 90° & oI wieldX B AT 8 | S @ gTdA S 25 mm

S & J@A FATEC
A cam drives a flat reciprocating follower in the following manner :

During first 120° rotation of the cam, the follower moves outwards through a distance of
20 mm with simple harmonic motion. The follower dwells during next 30° of cam rotation.
During next. 120° df cam rotation, the follower moves inwards with simple harmonic
motion. The follower dwells for the next 90° of cam rotation. The minimum radius of the

cam 1S 25 mm.

Draw the profile of the cam. . - 20

Q. 3(a) TF ?rcfz H 750 IRATHA. T 2 kW F FIT FAT 2 | ¥ SERT AR CH, W

C-PRN-N-OF 7 4

TF qEX A 300 mm ST ¥, @ EI 21 300 mm R 150 mm =8 #1 & RRe
B 3T D TR AR ¥, F B P 3a) ¥ Rew w2 wewn #RE AT Rrb
0% YTl T FEER &1 A RePE F R gz a1 9ee 38 Rt 3

fuz 3 AR B AGEE ARG | §FT AR AT H I AN A TR PR FHHL.

K, =15 K =10% T &

dide & THEHHE U F1 fuie wifw, IR srHe dqA gfdsed 110 MPa 3T WA
yqE yfaee 65 MPa €1 (five @@ @ 5 mm & @Al A i 1)
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A shaft 1s to transmit 2 kW at 750 R.P.M. The shaft is supported in bearings.A and C,
300 mm apart. Two pulleys of 300 mm diameter and 150 mm diameter are located at B
and D as shown in Fig. 3(a). Assume that the belt tensions are vertical for both pulleys.
Ratio of belt tensions for both pulleys is 3. Neglect weight of pulleys and shaft. Take

combined fatigue and shock factor in bending and twisting equal to K, = 1.5, K = 1.0,

respectively.

Determine uniform diameter of the shaft if allowable tensile stress is 110 MPa and

allowable shear stress is 65 MPa. (Take shaft diameter in steps of 5 mm.) 20

B! 300mm

D, 150 mm ¢
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= 3(a)/Fig. 3(a)

Q. 3(b) sgcd weid = B} F 7 A WS wH N9 g w0

What are polymeric materials ? Distinguish between two polymer types. 10

Q. 3(c) T Wi & YarerAl B G B HTO0, IJg AR -1y et @ aTER siduide

g
a3 d=-Hu ofewme @ A, 9 dd-3rgel 10 kNm ® 15 kKNm @& T &9
A godl ¥ TES TG AW GREAY B A 98 Iuiafia war g ik de fA-duR aieee
¥ tHEEHI ©Y @ ue HT 50 KNm 8 9T 8 | 3% S5, UF ufehnw & forg @ auRafdd
@@ 21 T TeR 9% AsTW W 8 ) |

nehe T Prag sd-smgel He @, 300 AGHTA # TER VA, 2200 kg/m? F FEHIT Aged
gl F TARRIA @ WY, Fewd! 8 |

frafro a

(i) HEX P Wi FE-3gu FT 9RO

(i) ®TT @1 iR

(iti) da FT THER I=IEEA |
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Q. 4(a),

Q. 4(b) FhfIT T B ¥ 7 I wiweor fr wER feoomr @ 7 FARE & el AR

Q. 4(c)

Because of nature of its operations, the load torque of a machine is intermittent as
follows :

During its three quarter revolution,‘the load torque increases uniformly from 10 kNm to
15 kKNm. Thereafter it remains constant for half revolution and then decreases uniformly

in three quarter revolution to 50 kNm. After this for one revolution it remains constant.
Thus the cycle is repeated.

The machine is run by a constant torque motor running at a speed of 300 rpm, in conjunction
with a flywheel of mass moment of inertia of 2200 kg/m?. |

Determine :
(i) Magnitude of mean torque of motor
(ii) Power of the motor -

(iii) Speed fluctuation of the system. | 20

Th AF R AT T 3 kN-m F IFT S A 1 KN-m 7 S 3l T g3 2
due B FET T ¥ g g, BEe Y o, = 480 MPa X 1, = 265 MPa ® |

ﬁwmw,ﬁﬁ%ﬁﬂammﬂm@qﬁwqﬁﬁﬁ:
(i) fewae TEmEg g i R
(11)3%%’#%9]‘?@?@%!

A solid circular shaft is subjected to a bending moment of 3 kN-m and a torque of

1 kN-m. The shaft is to be made in carbon steel for which c, = 480 MPa and
%, = 265 MPa. '

Calculate shaft diameter using :
(i) Maximum normal principal stress theory

(i) Maximum shear stress theory. 5 20

T & Joord I |

What are composites ? How are they classified ? Mention any four applications of composites.

10

TF SiferEihe THIR rq\ﬂmtuﬁrmalﬁiﬁrﬁrﬁﬁc)ﬁﬁmm%lﬁ%qﬁmB—C
I fge ¥ 99 BT AT A W T #XF F QT 2| ofewr C ¥g ulRw E @

@g wel gal 2, ¥ wlew B wewi D & WY WA W e fve & 9y w| @

g ST 83 8 |

- gfy ufgdl # <idl W g@n e T, =27, T, =30, T, —~243ﬁ'{’1‘—21 R IRE R I L IRGE

foct TR F U e s |
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An epicyclic speed reduction gear schematic is shown in Fig. 4(c). Compound wheel

B-C is free to rotate on pin A connected to driving shaft. Wheel ‘C’ meshes with fixed
wheel ‘E’ and wheel ‘B’ meshes with wheel ‘D’ keyed to driven shaft.

If number of teeth on wheels are Jy = 21, T, =30,T,=24 and I, =21, determine the

ratio of speeds of the driving and driven shatts. 20
B
C
A —

Driven
Shaft

Driving l
Shaft

R 4(c)/Fig. 4(c)

- @E—d
SECTION—B
Q. 5(a) uEd R o ' fErd @ ga IR iR tawuw, FEits I MFE T @

iy
[T € Mg 9 o Gd o FATC |

Compare flank wear and crater wear and draw tool life versus cutting speed curves for

H.S.S., Carbide, and ceramic tools. 10
Q. 5(b) ‘SUUStY AU A YR W | Y A GEARY R uustor gfgwr & A wE HA
JTAT FORX FM FIA B FYT FaqE Blal B FUI, FEER H, ITE IAUNV FIE YT

FCI -39 Sredly Bl 8 7

Define "Grinding Ratio’. Also explain what 1s meant by a grinding wheel acting soft or
acting hard. Is it always desirable to obtain a high grinding ratio in practice ? 10

Q. 5(c) Ws HuAl I I UX anE fRgT w1 eI R R gfa 100 g ox ufeem Afeqe!
M e are iR fowear arg & o, e & 3R, T 9y 9o

fewmedr ard F = 1500 + 120 X

. 5000
gz dmd C = ")X
sl X gfdea FAfequ 21
C-DRA-N-OFFri 7
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Q. >(d)

e Jhowd Ao T B W UGN A@ LA FI et 207 U TE WOGRE R
o e {87 ,

A company studied the cost data on quality and found a relationship between the percent

‘defective and the cost of control and cost of failure per 100 parts as under :

‘Cost of failure F = 1500 + 120 X

T

3000
X

Coét of Control C =

 where X is percent defective.

What is the percent defective which minimizes the quality cost ? How much is the

minimum quality cost per hundred parts ?

10

Wﬁma%mmamﬁﬁﬂﬁgﬁmﬁ%mﬁwﬁ?w&aﬁwﬁﬁﬁﬁﬁ
fafy. ghawur fraa ama/ad (%) afadl TR/ EE (R) !

A 1,25,000 50

B 2,00,000 40

o 2,50,000 20

G) IR g seeqe I ad 8000 TEE BT 2, ﬁrﬁmgﬁmaﬁgm dldfﬁ'lf%"'l[?
= W A U A GEIdl § e W |

(i) fa%eq B &9 frepeh 2
(iii) foeredl =

ygg X T«

!
oft FREL

Fixed and variable costs for three potential manufacturing facilities for same product are

shown below :

Mfg: Facility * Fixed Cost/Yr. (Rs.) TVal_'iable CostlUn‘it (Rs.)
A 1,25,000 * 50
B 2,00,000 ‘ 40
C 2,50,000 20

(i) If the expected output is to be 8000 units per year, which facility should be selected 7
Explain with the help of a graph. |

(ii) When is option B economical ?

(iii) Comment on choice of the options.

C-PRN-N-OFF1Y
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Q. 5(e) UM WA MG N g G qW, I qu M ITmA Prww @A @ A9 faved
JIfe |

Difterentiate between open loop, closed loop and adaptive control systems used in NC

.' machine tools. 10

Q. 6(a) 1T MY T =TT WY, MR @@ yoreh D @R, e Iy, e A wfwpr
wwﬁamiww%%@-q&ﬂuﬂﬁwﬁﬁ-qeﬁmﬁmm
fhar Sma1 8 7

According to the ISO system, sketch the basic size, deviation, and tolerance on a shaft and

hole assembly. Why uni-lateral tolerance is preferred over bi-lateral tolerance ? 10

Q. 6(b) TF Y@ # weww A, Rem PrEror weT @A) v e @R @R am
A gEt RO 7w § ? {Aw B g o g @1yl w1 oavia AR e
g fd=gl 41 wecapl Fgs wnf 9w @arsd |

Explain with the help of a sketch the Electric Discharge Machining (EDM) process. What

are 1ts advantages and limitations ? Describe the nature of the surface obtained by EDM.

Also name any three important electrode materials. 20
Q. 6(c) TH-TH T@heal & gy www e Afdsw (Duswy) A we AR A IR

FATAT AR aREEe X w= FiRR

Explain with neat sketches the Plasma Arc Welding (PAW) process and discuss its applications

and limitations. 20

Q. 7(a) ‘TWAITEH’ ¥ =9 I X ww FA B fig wgE Urw gEwse A s @
A B Gemoa@ & =9 FA X JEIW # wHm FEeT fafy (tow wn #ug)
HAIRY | WY & WRIARNTE R & @ @i ok @7 weeap! syt @1 Sea
EAIEpE

List five distinct methods used to obtain high energy rates in HERF. With the help of a

sketch explain the spark discharge method of High Energy Rate Forming. Also mention

two advantages and three important applications of HERF method. 20

Q.7(b)mw*m%@ﬁ*t*wﬁﬁfﬁl:ﬁ%ﬁﬁmﬁlzmﬁﬁﬁﬁ
3@ @ ydad! dedl X A A smfy & @ @l & v B 20 e @ o

C-PORA-N-OF P ;9*
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# FewT F EY SUgH @n-widl § A0 IR @ w1 feomge dae ARy @
ey O fdE IR PaevE GEGE A G A
— — —

12

A
B
C
D
E
F
G
H 12
]

J

K

L

H LK 14

A

B

A

B

E

F - | 4
; |
F

F

G
, L

dafdfd & YA wen P w1 s HRA |

~ State the basic principles of plant layout. Table below lists 12 work-elements along with
their immediate predecessor elements and duration in minutes. Design suitable line consisting
of appropriate work-stations assuming a cycle time of 20 minutes. Compute the line

efficiency, balance delay and smoothness index

Work Element Immediate Predecessor Element Duration
A — 10
B A 6
C B : 8
D A '_ 6
E B 12
F . E 10
G F | 4
H G 12
] F 2
J E 8
K | G 3
L H, 1, K _ 14
Use the least-—;ﬁmberof predecessors rule. | 20
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Q. 7(c) TH UREEF FUAT HT HAT ¢ & Al § ygHd il # yewwsar F1 g@w MU e
gen § @Y e w1 g9y 31 WS FIR Nod o 99T @ Prefia e wrdd

SIS
II%‘F-IT_ TRHTA AT . ?IFTI'Q;' T BT Kkm
1 100 | 1500
2 150 2000
3 120 1700
4 80 1100
S 90 1200
-6 180 2700
(i) ¥wsl W Mg, smEawws TR S 9emg T kms ® 9 @€y (Ww) wafa

DI | U8 We-geay fHaar s € ? |
(i) < el ¥ g kms #1ET 32,00,000 &1, §1 @ AT AT FT q@AT AW

A transport company assumes that the requirement of tyres used in vehicles are closely

related to number of kilometres driven. Accordingly, the following data covering the last

six months have been collected as follows :

Months Tyres Used 1 Tﬁﬂousandsh of km driven
» 100 1500
i 150 2000
3| 120 : 1700
4 80 1100
5 90 E 1200
6 180 B 2700

(1) Establish the relationship (linear) between the required tyres and kms driven based

on data. How good is the co-relation ?

(ii) If expected kms drive in a month is 32,00,000, forecast the demand for tyres. 10

Q. 8(a) ¥ wHW WX (WeT TA 1gH) W dewendl & gudi Cfafyain g@eT smrer
(ﬂ'ﬁ‘@qqﬁu ﬁ'Fﬁ'Gf ‘ﬁﬁﬂ) F Ghcqqa] B 9T DY | |

C-PRN-N-OFFH 11
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& 1 7 e e F1 g a8, REd 200 T g 9 B fEs Ao
3 R wE O # s § 60 Frel @ wew ot 1 R F s wH-w
g6 d 9™ IR T By 3 aE w3 N 120 AT W 81 wEw w9 ¥, uld WEe
ﬁ@n‘ﬁﬁmﬁﬁ‘cﬁ%l | '

(i) a"q'%%'qaiqwqw%ﬁ‘fﬁﬁﬁ@Tﬁqﬁﬁﬂﬁﬁm

Compare the concept of ‘Just-in-Time’ with that of ‘Manufacturing Resource Planning’.

A work centre uses Kanban containers which hold 200 parts. To produce enough parts to
fill the container 60 minutes are needed. Moving the container to the next work-station

and return of empty container takes 120 minutes. There is overall demand rate of 6 units

per minute.
(i) Calculate the number of containers needed for the system.
(ii) What is maximum inventory in the system ?

(iii) If the setup and runtime to fill the container is reduced to 40 minutes, can the
number of containers be reduced ? How much will be the inventory in system then 7
' ' 20

0. 8(b) “TEw Wiy Pt ¥ 3 @ T W ww & 7 %@ AW A onal K www

B el arEe AT 5 F yREd W FOFRAE Fd gL X T RF T
ﬁmﬁmmiéuﬂaﬁﬁmaﬁﬁwﬁﬁm%mﬁmﬁﬁmaﬁﬁl

Semeen [ 1 | 2 | 3 [ 4 | 5 [ 617 [8]°9 10 |
X 5.004 [ 5.204.] 5.014 | 5.008 | 5.009 | 5.016 | 5.030 | 5.010 5.016 | 5.010

E e kit

R | 002 | 0.08 | 0.03 | 005 To.oﬂp.og_ 004 | 004 | 005 | 0.07 |

R o d o B e & RIT o Ay @ gikgws @l ¥ sRiRE ¥

Jgon 2 3 4 S 6 7 8 9 10 1
LE'@JII n I

d, =R/c' | 1128 | 1693 | 2.059 | 2.326 | 2.534 | 2.704 2847 | 2970 | 3.078 | 3.173

5, =5/0' | 0.5642 | 0.7236 | 0.7979 | 0.8407 | 0.8686 | 0.8882 | 0.9027 | 09139 | 09227 | 0.9300

C-PRN-N-OFFH - = 12
* k
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What 1s understood by “process is under statistical control” ? Explain clearly with the

help of diagrams, illustrating out of control situations. :

Plot the control charts of X and R, using the following sample data and a sample size
of 5. From the chart, find out whether the process is under control.

Swbgowp No.| 1 [ 2 [ 3 [ 4 [ 5 [ 6 [ 7 [ 8] 9 10
X 5.004 | 5.204 | 5.014 | 5.008 | 5.009 | 5.016 [ 5.030 | 5.010 | 5.016 | 5.010 :
R 0.02 | 0.08 | 0.03 | 0.05 | 0.04 | 0.09 | 0.04 | 0.04 | 0.05 | 0.07

'
— 3 =|u-"|| - r'l-l.rp.-

- r i - '.-:-\.n.- ! -
:r-...l\. hd_..hm,-. PRI R 17 W

The factors for estimating o' from R and o from statistical tables are reproduced below :

domdim
-
" aahe

b T e
e l. -~
LR e

Number of | 2. | 3 4 5 6 | 7 8 | 9 10 | 1l
| observations n ;

d, =R/o" | 1128 | 1.693 | 2.059 | 2.326 | 2.534 | 2.704 | 2.847 | 2.970 | 3.078 | 3.173
c,=c/c" |056420.7236|0.7979 0.3407f0.8636 0.8882 | 0.9027 | 0.9139 [ 0.9227 | 0.9300

20
Q. 8(c)  fafrafw gmza & Ialys Il AR BH Maw &3 & 99 @ 31 IR
A Amd & 30,000 8 Sefd ITERy B # @@ 5. 50,000 31 W ITEU A T B
¥ wed ww asf ¥ aftfs Prag a@ 3 FAW ® 10,000 T ® 15,000 B A
IHfT 8 | |

FEUTT F BT F G AT A 12% w9 @, Faior sl & AT 7 /@ Saw

ST AT T @Rl fra| adwe qed IUmH h SEART SIS |
A manufacturing organisation is considering investment in two alternative equipments
A and B. Equipment A costs Rs. 30,000 while the equipment. B costs Rs. 50,000. The

expected yearly net income for the first five years from these equipments are Rs. 10,000
and Rs. 15,000 for equipments A and B respectively.

Assuming the cost of capital as 12% per annum, determine which equipment should

be selected. Use net present value approach. 10
— /Y- 13 f
C-PRN-N-OFF A |
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